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Abstract 
Tamarind and pineapple fruit powders dissolution properties are important as it depends on time taken for it to dissolve. Both 
powders produced from spray drying with addition of 10% w/v of maltodextrin. The tamarind and pineapple fruit powders were 
then compressed into tablets with applied force of 28.65 MPa. A dissolution tester was used for in-vitro dissolution studies. 
These findings indicate the moisture content, bulk density, tapped density and water activity showed a significant difference at P 
< 0.05. Thus, it is important to compress fruit powder into tablet form as it easy to dissolve and provide healthy beverages to 
meet consumer’s demand. 
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1. Introduction 
Tamarind (Tamarindusindica L.), originated in tropical and subtropical areas around the globe, belongs to the 
Caesalpinaceae family and has become a local crop for various situations. Tamarindusindica is one of the most 
common and has become an important plant especially in India. Each part of the plant is useful, however, the most 
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useful part is the fruit, which yields acidic pulpy material and therefore is widely used for souring curries, sauces, 
chutneys and certain beverages.  
Many food products are produced from tamarind fruit such as canned beverages, tamarind paste and tamarind 
candy. The products are well known in Malaysia, Thailand and Latin American countries (Bueso, 1978). The 
tamarind fruit pulp extract is also used for chemical acidulants substitute such as phosphoric acid and citric acid in 
soft drinks industry in Southeast Asia and other countries in South America (Zablocki, 1995). 
Pineapple (Ananas comosus) is a native plant which grows in many tropical countries. Malaysia is one of the 
world’s major producers of the pineapple fruits besides Thailand, Philippines, Indonesia, South Africa and east of 
South America. The capacity of vitamin C in pineapple fruits is high as well as in any other citrus fruits. Vitamin C 
is needed by our body to healwounds or injury by the absorption of iron minerals into the blood vessel. Vitamin B 
(especially B1 and B3) in pineapples is important for human’s digestive system (Farimin et al., 2009). 
To preserve the fruits, drying is commonly adopted in food processing industry. Spray drying is efficient to avoid 
chemical reactions and enable controlled release of the ingredients (Vilstrup, 2001). In food industry, spray drying is 
an established procedure and technique to produce food powder due to its effectiveness under optimum condition 
(Cano-Chauca et al., 2005). The maltodextrin is proven to be found in various products under optimum processing 
condition. The spray dried juices are usually added with maltodextrin as it is a necessary ingredient to produce spray 
dry food powders. Maltodextrin is commonly used as a carrier agent in spray drying as it fulfills demand and the 
price of maltodextrin is cheaper than other carrier agent (Bhandari et al., 1997). Spray drying process converts 
tamarind, pineapple as well as other fruit juices into dry particulate form which improved the properties such as 
reduced intensity and longer shelf life. 
Dissolution testing is a new component in food tableting development and manufacturing, especially in natural 
fruit tablet. The design of new formulations of fruit tablet is seldom guided and assessed based on in-vitro 
dissolution rates by means USP apparatus method (Jennifer et al., 2005). The process of in-vitro dissolution played a 
vital role in liberating a drug from the tablet matrix and marking whether it is available for subsequent 
gastrointestinal absorption as in this research the active ingredient from the fruits tablet were assessed. The in-vitro 
dissolution of the drug from the tablet matrix depended on many factors, which include not only the physiochemical 
properties of the drug, but also the nature of the formulation and the process of manufacturing (Augsburger et al., 
1983). Hence, in vitro dissolution analysis of pharmaceutical dosage form has emerged a very important parameter 
that ensured product quality as well as for differentiating among formulations of the same therapeutic agent (Ayres 
et al., 1984). For sustained release tablets the role of in-vitro dissolution becomes still more crucial as an additional 
coating step involve in manufacturing process. This present study was thus planned to investigate tamarind and 
pineapple tablet physicochemical properties and to evaluate the in-vitro release of the tablet’s active ingredients such 
as vitamin C. 
2. Materials and methods 
2.1 Materials preparation 
Fresh tamarind fruits were purchased from a wet market in Serdang, Selangor, Malaysia while pineapple fruits 
were purchased from the Pineapple Information Center (PIC), Malaysian Agro Exposition Park Serdang (MAEPS) 
in Serdang, Selangor. Laboratory freezer was used to store all the fruits at cold temperature of -20°C. The tamarind 
and pineapple fruits were washed, cut into smaller pieces and blended using a food blender (MX-7995, Panasonic, 
Malaysia) in order to produce the pulp. Only the pulp is used for experiment. Then, the sample was stored in a -20 
°C freezer before undergoing the spray drying process. 10% of maltodextrin was added to the fruit pulp prior to 
spray drying. 
2.2 Spray drying of the tamarind and pineapple pulp  
Both tamarind and pineapple juices were spray dried in a small scale spray dryer (B-290, Buchi, Switzerland). 
The drying process operational conditions were: inlet and outlet air temperature at 150 °C and 90 °C, respectively, 
blower velocity at 25,000 rpm and feed rate of 0.022 liter per minute. At the end of drying, the pineapple powders 
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were collected and stored in a sealed plastic bag before undergoing further analysis such as for the properties and 
quality determination. 
2.3 Compression of fruit powder 
A universal testing machine (Instron Universal Testing 5566 Machine, Canton MA, USA) was used for the 
compression of the tamarind and pineapple fruit powder to produce tablets. The machine was also equipped with a 
20.0 ± 0.1 mm diameter hardened cylindrical stainless steel die. A 2.5 g of fruit powder sample was used for each of 
the tablet with the applied force of 28.65 MPa. A computer software (Bluehill 2, Model 5566, Canton MA, USA) 
was used to record the applied force and the crosshead displacement. At the end of the process, the tablet was 
ejected and removed from the bottom punch. Finally, the tablet was ejected from the die. The compression of the 
powder was performed, based on the method described by Yusof et al. (2012). 
2.4 Moisture Content 
The moisture content of tamarind and pineapple powders were determined by drying the fruit powder samples in 
the oven (OF-G22W, Jeio Tech, Korea) at 105 °C for 24 hours. The drying process was done until constant value 
was obtained. The weight of the sample before and after the drying process was recorded, and the moisture content 
of the fruit powder was determined. 
2.5 Bulk density 
20 ml of powder was poured into a 50 ml graduated cylinder without tapping. The volume and mass of the 
powder values were taken and recorded. The bulk density (ρb) was calculated using the following equation: 
 
bb Vm / U                    (1) 
where m is the weight of the powder and Vb is the volume of the powder without tapping.  
2.6 Tap density 
20 ml of powder was poured into a 50 ml graduated cylinder. The cylinder was tapped until a final constant 
volume was achieved. The measurement and calculation of tapped density were manually done. The tamarind and 
pineapple fruit powder constant volume and mass were observed and recorded. The tap density (ρt) was calculated 
using the following equation: 
 
tt Vm / U                    (2) 
where m is the height of the powder, and the Vt is the constant volume of the powder after tapping. 
2.7 Water activity 
Tamarind and pineapple fruit powder’s water activity was measured using a water activity meter (Model 3TE, 
Aqualab, WA). The samples to be measured were assumed to be homogeneous. The samples were analyzed for 
triplicates. The standard deviation and mean values were calculated and recorded. 
 
2.8 In-vitro dissolution studies 
 
An USP II dissolution tester (PT-DT8, Germany) was used for in-vitro dissolution of tamarind and pineapple 
fruit tablets. Each of the dissolution vessel was filled with 3 different media solutions separately which were 
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distilled water, simulated gastric medium 0.1N HCL solution and simulated intestinal medium 0.1N sodium chloride 
at buffer pH 6.8 and at the temperature of 37 ± 0.5 °C at 50 rpm. About 900 ml of each of the media solutions was 
poured into the dissolution vessel and simultaneously, 5 fruit powder tablets of of 20mm diameter were mixed inside 
the same dissolution beaker. For every 2-hour time interval, 10 ml solution of sample was taken from dissolution 
medium, and immediately replaced it with the same amount from the same solution. The liquid will be filtered 
through a 0.45 μm filter paper (Whatman No. 1, Tokyo Roshi Kaisha Ltd, Japan) being kept in 50 ml centrifugal 
tubes for further analysis.  
2.9 Vitamin C determination 
500 ppm of ascorbic acid stock standard solution was prepared by dissolving 0.05 g of ascorbic acid (AA) in 100 
ml of deionised water. The glass stoppered bottles were used to store the solution. Various concentrations of 
standard solutions of AA were made at; 5 ppm, 10 ppm, 15 ppm, 20 ppm, and 25 ppm. It was prepared from 500 
ppm stock solution of AA by a proper dilution. Then, 1 ml of 2,4-dinitrophenylhydrazine (DNPH) was added to the 
ascorbic acid standard solution. All the standards, samples and the blank solution were kept at 37 °C temperatures 
for 3 hours in a water bath (thermostatic) for the completion of the reaction. After that, all the samples were cooled 
in ice bath and treated with 5 ml of 85% sulfuric acid with constant stirring, after the incubation process. The 
colored solutions produced were taken at the absorbance value of 521 nm and the results were recorded for further 
analysis. 
3. Results and discussion 
3.1 Physical properties of tamarind and pineapple fruit powders 
Oven drying is the most common practiced method for moisture content determination. Moisture content is the 
amount of water held in a unit volume of bulk powder as percentage by volume. Pineapple fruit powders exhibit 
moisture content of less than 5%, while tamarind fruit powders exhibit 5% of moisture content as shown in Table. 
According to Barbosa-Canovas et al. (2005), the requirement of moisture content in food powder is between 4% and 
6%. Moisture content below 10% is desirable for food powder to ward off mold growth (Hagan, 2007). 
3.2 Bulk density and tapped density 
The bulk density of tamarind fruit powder and pineapple fruit powder, as shown in Table 1, were 4.762 x 10-4± 
0.002 kg/m3 and 4.878 x 10-4± 0.003 kg/m3, respectively. The results of the bulk density were significantly different 
as the P < 0.05. The values of pineapple fruit powder in bulk density was higher compared to tamarind fruit powder 
because of the moisture content in the pineapple fruit powder was higher than the tamarind fruit powder. The results 
of tapped density showed a significant difference at P < 0.05. The values of tapped density of pineapple fruit powder 
was 8.818 x 10-4± 0.002 kg/m3, which showed much higher value compared to tamarind fruit powder, 1.1759 x 10-
3± 0.001 kg/m3. The inter-particle bonding of pineapple powder is strong, coherent junction as the water content was 
higher compared to the tamarind powder particle, resulting in high tapped density value of the pineapple fruit 
powder. According to Zea et al. (2013), due to the low particle size, it was able to accommodate more inter-particle 
friction and thus exhibit the lower range of density of fruits powder for pitaya, guava and mixed fruit powders. It 
was clear that a change in any of the powder characteristics may result in a significant change in the powder density, 
since the tapped density and bulk density of food powders depends on the combined values between  interrelated 
elements, such as the intensity of attractive inter-particle forces, particle size and number of contact points (Ortega-
Rivas, 2005). 
3.3 Water activity 
The pineapple fruit powder has lower water activity value than the tamarind fruit powder (Table 1). The value of 
tamarind and pineapple water activity showed significant differences as (P < 0.05).The results indicated that there 
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was less free water in the pineapple fruit powder compared to tamarind fruit powder that are accessible for 
biochemical reactions and the benefit is such as a long shelf-life. Water activity (Aw) measures the action of free 
water in the food system which is responsible for any biochemical reactions. Food with an Aw of less than 0.6 is 
microbiologically stable, indicating no growth of spoilage organisms and pathogens (Betts et al., 2006). Finally, all 
the Aw values for both of the powders were lower than 0.6; thus, it indicated that both of the powder samples were 
microbiologically stable and have a longer shelf-life. 
 
          Table 1. Basic material properties of tamarind and pineapple fruit powder. 
Material properties Tamarind Pineapple 
Moisture content (%) 4.87 ± 0.18 5.00 ± 0.18 
Bulk density (kg/m3) 4.762 x 10-4± 0.002 4.878 x 10-4± 0.003 
Tapped density (kg/m3) 1.1759 x 10-3± 0.001 8.818 x 10-4± 0.002 
Water activity, Aw 0.53± 0.01 0.44 ± 0.01 
       * Data represents means ± standard deviation of triplicate analysis. 
3.4 In-vitro dissolution study 
The absorbance reading for the standard curve was taken by using a UV-spectrophotometer (Shimadzu, Japan) at 
521 nm wavelength. The absorbance of the standards was taken at five different values to construct a calibration 
curve. Calibration curve in Fig. 1 was constructed by plotting the concentration of vitamin C versus the 
corresponding absorbance by using the same wavelength. 
 
 
Fig.1. Calibration curve of standard vitamin C at 521nm. 
 
Fig. 2 shows the dissolution time of the tamarind and pineapple fruit powder when dissolved in distilled water, 
simulated gastric medium 0.1N HCl (pH 1.2) and 0.1N simulated intestinal buffer (pH 6.8). All the tablets 
dissolution release of active ingredients was observed for 12 hours. Dissolution of fruit powder tablet would be 
induced by the structure of the bonding and pore size of the powders (Yi et al., 2013). The penetration of water into 
the tablet was affected by the bonding strength within the bonding structure in the tablet. Due to the concentration 
gradient of the tablets and solvent, the release of solute and active ingredients from tablets is from areas of high 
concentration to low concentration. The highest release of vitamin C for both fruit tablets were observed in 0.1N 
simulated intestinal buffer (pH 6.8) compared with some other solution which are distill water and simulated gastric 
medium 0.1N HCL. The highest vitamin C concentration in pineapple tablet was 262.67 mg/ml release in simulated 
intestinal buffer (pH 6.8) and the lowest was 62.67 mg/ml obtained in simulated gastric buffer (pH 1.2). For 
y = 0.0009x + 0.0016 
R² = 0.9925 
0
0.005
0.01
0.015
0.02
0.025
0.03
0 20 40
Ab
so
rb
an
ce
, A
 
Concentration, mg/ml 
ascorbic acid
58   A.M. Taufi q et al. /  Agriculture and Agricultural Science Procedia  2 ( 2014 )  53 – 59 
tamarind tablet, the highest concentration of vitamin C release was found in simulated intestinal buffer (pH 6.8) 
which is 178.22 mg/ml and the lowest was 34.89 mg/ml released in simulated gastric buffer (pH 1.2). According to 
Klimczak et al. (2007), the content of vitamin C in pineapple is 78 mg/100 ml of juice in normal water media while 
in the tamarind fruit varies from 20mg/100g (El-Siddig et al, 2006). The quality of the tamarind and pineapple fruit 
powder tablets depend on the concentration of vitamin C as it is a noteworthy indicator for quality determination. To 
ensure the quality of the product, active ingredient concentration, such as vitamin C in tamarind and pineapple fruit 
powder tablet may serve as an important indicator that good process has been applied in the production process.  
 
 
Fig. 2.  The dissolution release profiles of tamarind and pineapple tablet in distilled water (DI), simulated gastric medium (pH1.2), and simulated 
intestinal buffer (pH 6.8). 
4. Conclusions  
The properties of tamarind tablets, such as moisture content, bulk density and tapped density showed lower 
values than pineapple tablet as the interlocking particle bonds of tamarind tablets are stronger than that of pineapple 
tablets; therefore, water diffusion into tablets is decreased. The concentration of active ingredient release was found 
highest in 0.1N simulated intestinal buffer pH 6.8 medium compared with distilled water and in 0.1N simulated 
gastric solution pH 1.2, mainly because the strength of the ionic particle was weaker in the buffered solution media 
compared with normal water media resulting high release of active ingredients within the tamarind and pineapple 
fruit powder tablets during the dissolving process. 
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